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Green tea extract (AR25®) inhibits 
lipolysis of triglycerides in gastric and 
duodenal medium in vitro 
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In this study, we utmcd to evaluate in vitro the iniiibitory activity* of a green tea extract (AR2S 9 standardized at 
25% cauchins) on gastric and pancreatic lipase activities. We first used tributyrin as a substrate to evaluate the 
capability of AR25 to induce digestive lipase inhibition. Gastric lipase was totally inhibited by 40 nig AR25/g 
iriburyrin whereas pancreatic lipase inhibition wus maximum (78.8 ± 0.7%) with 80 mg ARZS/g tributyrin. We 
then used triolein, a long-chain triglyceride, to check whether AR2S could alter lipase activities on a physiologic 
substrate. AR25 60 mg/g triolein induced a dramatic inhibition of gastric lipase (96.8 ± 0.4%) whereas 
pancreatic lipase activity was partially reduced (66.50 ± 0.92%). Finally, the concerted action of gastric and 
pancreatic lipases was studied with an excess of enzymes to mimic the physiologic conditions observed in vivo. 
Incubation of AR25 with an excess of digestive lipases resulted in a drastic decrease in gastric lipolysis but the 
inhibitory effect on pancreatic lipase wus less marked. On the whole, as compared to the control, lipolysis of 
triolein under the successive action vf the two digestive lipases >vas reduced by 37 ± 0.6% in the presence of 
AR25. Bevuuse a lipid/watcr interface Is necessary for lipolysis to occur, lipid emulsification and emulsion 
droplet sue were measured in gastric and duodenal media In the presence of AR25. In gastric and duodenal 
conditions, AR2S inhibited the lipid emtdsificatirm process. From these data we conclude that (I) in vitro, fat 
digestion is significantly inhibited by 60 mg AR2S/g triolein, and (2) gastric as well as pancreatic lipase 
inhibition could be related to altered lipid emulsification in gastric or duodenal media. The green tea extract 
AR25 exhibiting marked inhibition of digestive lipases in vitro is likely to reduce fat digestion in humans. (J. Nuir. 
Biochem. 1 1:45-51. 2000) © Elsevier ScUnc* Inc. 2000. AM rights reserved. 
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Introduction 

It is well established that digestion of dietary triglycerides in 
the gut is governed by two key enzymes in humans and 
most mammals. 1 * 2 The first step of fat digestion starts in the 
stomach where gastric lipase, secreted in the gastric juice, 
hydrolyzes 10 to 30% of dietary triglycerides under acidic 
conditions. 3 " 3 Dietary triglyceride lipolysis is completed by 
pancreatic Lipase acting with colipase as cofactor, in the 
small intestine where absorption of lipolytic products oc- 
curs. 1 In healthy humans, intragastric lipolysis, even lim- 
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ited, appears to initiate fat digestion and emulsification and 
thereby facilitate lipolysis caralyzed by pancreatic lipase in 
the duodenum. 5 ' 6 Because triglycerides are insoluble sub- 
strates, the characteristic feature of gastric and pancreatic 
lipases Is that both enzymes act at the lipid/water interface. 2 
Studies from our laboratory, performed in healthy humans, 
showed that dietary fats are basically emulsified in the 
stomach and duodenum contents, with most droplet sixes in 
the range 10 to 50 jtm. 5 - 6 Under diese conditions of 
heterogenous catalysis, the extent of enzyme binding to the 
interface as well as lipoly.sis depend on the concentration 
and the properties of the interface. 2,7 * 8 Moreover, emulsified 
droplet size and composition alter the binding and the 
activity of gastric and pancreatic lipases. 6 ' 10 

l<rom epidemiologic studies in humans and from in vitro 
experiments, it has been suggested that chronic ingestion of 
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green teas {Camellia sinensis) have a protective effect on 
the development of several cancers,' 1 Some hypocholester- 
olemic effects 12 as well as the ability of green tea compo- 
nents to prevent low density lipoprotein oxidation also were 
reported. I3 - u Mainly catcchins and others polyphenols are 
implicated in these processes. Although die effect of some 
polyphenols on digestive enzymes wns investigated/ 5 the 
specific effect of green tea cntechins on digestive lipases is 
poorly documented. 

In this study, we aimed to evaluate whether gastric 
and/or pancreatic lipase activities could be inhibited by the 
well-defined green tea extract AR25®» standardized at 25% 
ostechins. The results obtained showed that in vitro AR25 
markedly inhibited gastric and pancreatic lipase activities 
measured on short-chain or long-chain triglycerides us 
substrates. Such effects make the natural green tea extract 
AR25 a candidate for reducing fat digestion and assimila- 
tion in vivo and a potential complement lo the pharmaco- 
logic and dietary treatments of obesity. 

Materials and methods 

Lipids 

Tributyrin, a short-chain triglyceride, and triolein, a long-chain 
triglyceride, were purchased from ICS (ICN Biomedicals Inc.. 
EschwcgG. OH 1 JSA). L-a-phosph&tidylcholinc type XVI-E from 
egg yolk, free cholesterol, and laurodeoxycliolic acid (TDC) were 
from Sigma (La VerpilK&re, hrancc). Radiolabeled triolein ([9, 1 UP- 
SHOT)] -1.0mCi/2 mL) was purchased from Du Pont de Nemours 
Gmbh (NEN Life Science Products Division, Dreicch, Germany). 
Bile was collected from pig gallbladder (Abattoirs de 1'Hstaqve, 
Marseille, Trance), analyzed for bile sail concentration, sampled, 
and stored at -70°C before use. 

Enzymes 

Human gastric lipase was obtained from gastric aspiraies collected 
for diagnostic purposes in adult padcnis under pentagastrin stim- 
ulation in hospiutf facilities (gifts from Dr. Pcyrot. GaSJrocnlcrol- 
ogy Department. University Hospital, Marseille. France). Samples 
were neutralized lo pi I between 4 and 3 and those with computable 
high activities were pooled and stored ai -20 n C All experiments 
were done using (he same enzyme source. The lipase activity of the 
pooled gastric juices was 150 units/mL on criburyrin as substrate. 
Pure gastric lipase was obtained following the procedure of 
Tiruppathi and Balasubramanlan 16 with a specific activity of 1,000 
units/mg on trlbutyrin. 

Pancreatln (Sigma) was used as a source of total pancreatic 
enzymes, Pure porcine pancreatic lipase and colipase were pur- 
chased from Boehringcr Mannheim (Mannheim. Germany) and 
their specific activities were 1370 units/mg and 1.590 unhs/mg, 
respectively. 

Gastric and pancreatic lipase activities were measured at pH 5.4 
(optimal pH for human gastric lipase) and 7,5. respectively, which 
are in the range of gastric and intestinal pi I values readied in the 
postprandial state, 5 * 

AR25 (green tea extract standardized at 25% 
catechins) 

AK25 (active compound of Exollsc® capsules) was obtained from 
Arkopharma Laboratories (Garros, France) and was used, as a 
powder, AR25 contains 53* total polyphenols, including 25% 
eacechius and 5% caffeine. The caieclnns contained In AR25 arc 
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mainly represented by the epigal locatechijt*3-gallate. The quanti- 
ties to be tested hi vitro were calculated inking into account a 
reasonable daily AK25 intake of 1.500 maVday in humans and 
the usual range of fat ingested (50-150 g/day) in western 
countries t7 

Measurements of gastric and pancreatic lipase 
activities on tributyrin 

To evaluate the potential inhibitory effect of AR25. gastric and 
pancreatic lipases activities were measured on tributyrin with or 
without (control) AR25 using a pl-I-stat Titrator (Mctrohm. Heri- 
sau, Switzerland) at pH 5.4 and 37°C. 18 To determine the 
inhibition dose response, several quantities of AK25 extract were 
tued (range 0-80 mg/g of tributyrin). The reaction medium was a 
15 mL system containing 5 mM sodium acetate. 150 tnM NaCL 6" 
mM CaCl 2t 1.5 u>M bovine serum albumin (B5A; fatty acid ftee 
from Sigma), 2 mM TDC, and 0.5 g trlbutyrin as already 
described.*" 10 Prior to the addition of pure gastric lipase (10 ft)) T 
the reaction medium was mediumcally stirred al 37°C for 5 minutes. 
At the end of the reaction rime (1 min at pH 5-4), the butyric acid 
released was fully titrated at pi I 9.4.*-'° Parallel controls were run 
without enzyme and the values obtained were subtracted from the 
corresponding values of lipase activity measurement. 

Activity of pure pancreatic lipase was measured ai pH 7.5 and 
at 37 °C In a 15 mL reaction medium containing 150 mM NaCI, 
2 mM Tris, 10 mM CaCl 2 , 8 mM bile salts from pig bile, and 0.5 fl 
tributyrin as previously described. 19 After being mechanically 
stirred Tor 5 minutes, colipase and then lipase (12 IX/) were 
introduced in the reaction medium containing or not conuuning 
(control) 10 to 80 mg AR25/g trlbutyrin. Pancreatic lipase activity 
was recorded until the maximal velocity was reached for 3 
minutes. One lipase unit (IU) was defined as I u-mole of fatty acid 
titrated per minute. 

Preparation of triolein emulsion and droplet size 
measurements 

The relative proportions of lipids used were chosen in the range of 
human daily dietary intake (i.e.. 100 g triglycerides, 2.5 g 
phospholipids, 0.5 g free cholesterol). 17 Thus, a lipid mixture was 
prepared with 97% (w/w) triolein. 2.5% (w/w) Iwx-phosphaudyl- 
choline. and 0.59c (w/w) free cholesterol plus l 3 HJ-triolcin to reach 
a specific activity of 30,000 dpm/u.mol. The lipid mixture was 
dissolved in chloroform/meihanol 2:1 (v:v). Solvent was evapo- 
rated to dryness under nitrogen and the lipid muUure obtained was 
Stored at - 20°C. 

The standard emulsion was prepared by sonictmon of* the Itpid 
mixture (100 mg In 3 mL distilled water) for 5 minutes at20°C and 
on ice (Sonifcr Branson 250W, Osl, Prance). These updating 
conditions resulted in an emulsion measuring 2 p.m in median 
diameter. The droplet size of the emulsion was determined using a 
particle shw analyser (Capa 700, Horiba, Kyoto, Japan) as previ- 
ously described. 3,9 * 9 Measurements were carried cut using gradient 
mode analysis at a constant centrifuge acceleration rate (I g/min) 
that allowed an accurate measurement of large (100 tun) to small 
(0.09 |xrn) particles. Results are given as droplet size distributions 
calculated by the purticlc-sizcr software as a fraction W of the 
total volume occupied by lipid droplets in a given sample. The 
median size values were calculated by the particle-sizcr software 
from the droplet size distribution. 

Measurements of gastric and pancreatic lipase 
activities un a long-ctiain triglyceride (triolein) 

Lipase activities were assayed in the absence (control) or presence 
{60 mg/g triolein) of AR25 using die triolein radiolabeled emul- 
sion and with an excess of substrate. 
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l>ure gastric lipase activity was assayed at pH 5.4 in a 0.5 mL 
reaction medium containing 100 mM sodium acetate, J 50 mM 
NaCl, 6 mM CaCl v , 1.5 jiM BSA, and 5 pwnol (4.41 mg) triolein. 
Gasiric lipase (75 mlU) was added 5 minutes after Stirring the 
reaction medium. Gastric lipase reactions were carried out for 15 
minutes at 37°C while stirring, 

1'ufe purtcrcutic lipase activity was measured at pH 7.5 in a 0.5 
ml. system composed of 150 mM NaCL 200 mM Tris, 6 mM 
CaCtg, B mM bile salts from pig bile, and 5 timet (1.41 mg) 
iriolein Reaction nmriium whs snrrcd For 5 minutes prior co the 
additions of co lipase and lipase (20 mil J). Tjpolysis was pre- 
formed for 5 minuies at 37°C while stirring. 

In both cases, lipolyses were stopped with t mL chloroform/ 
methanol (2:), v:v). Lipids were extracted using the method of 
Folch et al. ao To ensure complete proionaiion of fatty acids, the 
organic solvent phases were partitioned with 20% (vol/vol) 150 
mM NaCl solution containing 2% glacial acetic acid (vot/voL pH 
3.0). 5 The radiolabeled neutral lipid classes (i.e., triglycerides, 
diglycerides, monoglycerides, fatty aeids) were separated by thia 
layer chromatography (TLC) on silica gel (ready plastic sheet F 
1500, Schlecher and Schuell, Dassel, Germany) using a chloro- 
form/methanol/acctic acid (98:2:0.1. v:v:v) system. The plates 
were exposed to iodine to allow identification of the afferent 
spots. TLC silica corresponding to the folly acid spots were 
scrapped and f 3 H] oleic acid was measured by scintillation 
counting with a Paclcard 1600TR equipment (Packard, Merlden, 
CT USA). 



Determination of the extent of gastric and 
pancreatic lipolysis under physiologic conditions 

In this set of experiments, excess amounts of enzymes were 
sequentially added to emulsified long-chain triglycerides- The 
emulsions were first submitted to hydrolysis by gastric lipase using 
whole gastric juice at pH 5.4 for 30 minuies. The initial reaction 
medium wa* I mL mixture of 100 mM sodium acetate, 150 mM 
NaCl, 6 mM CaCl 3 » 1.5 u-M BSA at pll 5.4, and 10 jxmol triolein 
from the radiolabeled emulsion. The kinetic study started just after 
the addition of gastric juice (25 IU gastric lipase) and rook place at 
37°C while stirring. Aliquois (100-200 u,L) were collected at 5, 
15, and 30 minutes to determine the amounts of generated free 
fatty acids. At the end of the incubation period in gastric condi- 
tions, the volume of the reaction medium was completed to i mL 
with a buffer solution containing 150 nuM NaCl. 200 mM Tris, 6 
mM c:aCI 2 , and 8 mM bile salts from pig bile (pH 7.5). Pancreatic 
eolipase and lipase (75 IU) provided by pancreatln were added and 
the reaction lusted up to 60 minutes. Fiee faliy ncids that were 
released were measured in aliquots (200 uL) collected 15, 30, and 
60 minutes after pancrcalin addition. 

In gastric and duodenal conditions, free fatty acids were 
extracted, separated, and quantified as described above. The total 
amount of free fauy acid generated was calculated taking into 
account the successive samplings. 

Emulsification measurements 

The percentage of emulsified lipids as well as the droplet sae of 
the formed emulsion was determined in gusuic or duodenal media, 
in presence or absence (control) of AR25 (6 mg) following a 
procedure already described.** 10 Herein 3 mL of either gastric 
buffer (50 mM sodium acetate, 150 mM NaCl, pH 5.4) or duodenal 
buffer (150 mM NaCl 50 mM Tris, 8 mM bile salts from pig bile, 
pH 7.5) were mixed with 100 mg «f the [ J H] radiolabeled lipid 
mixture in 7 mL glass tubes. The tubes were stoppered, attached 
horizontally, and shaken at 200 sirokes/min for 2 hours at 37*C. 
These operating conditions generated lipid emulsions with droplet 
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size in the range of those found In the human digestive tract during 
fat dige.siioii. , * 7_, ° 

At the cud of die emu lsi ficat ion process, the tubes were left to 
stand in a vertical position u> allow the building of a floating oily 
layer made of unemulsified lipids (oily materials plus lipid 
droplets £ 100 ujn) above the infranatant aqueous solution. The 
upper limit for emulsion droplet size was set at 100 u-m given the 
instability and negligible imcr facial area of lipid droplets above 
this value. 5 The lime needed (approximately 10 min) was calcu- 
lated from Sioke's sedimentation equation for droplet* measuring 
100 p.m or more as previously reported 3 ' 9 The relation between 
sedimentation time and particle diameter is expressed in the 
following equation for natural gravity sedimentation: D - [18 n„ 
H / (p — p 0 ) gt] l/a , where O is the particle diameter (m), n^ is the 
viscosity coefficieni of (he solvent (N.s/nT), p is the density of the 
sample (kg/W), p„ is the density of the solvent (kgmi*), £ is (he 
acceleration due io gravity (m.s'" 2 ), r Is the sedimentation time (s), 
and H Is the distance of sedimentation (m). Thus two fractions 
were collected; the first one was the upper layer composed of 
unemulsified lipids and the second one the infranatant containing 
emulsified lipid droplets. 

Radioactivity was measured by liquid scintilla iron counting 
from 100 u.L of the floating oily layer fraction. The distribution of 
die emulsion droplet size in rhc infranatant solution was deter- 
mined using a panicle-size analyzer as noted above. The percent* 
age of emulsified triglycerides was calculated from the irudal 
a mount of radiolabeled triglyceride in the lipid mixture and the 
quantity of triglycerides recovered in the floating oil traction. 

Statistics 

All experiments were performed in triplicate and the results are 
expressed as means ± SEM. The statistical significance of the 
differences observed was assessed by one-way analysis of variance 
and Fisher's test {P < 0.05) using die Stat- View II micro-computer 
program (Abacus. Berkeley, CA USA). 71 



Results 

Dose- response inhibitory effect of AR25 on 
short-chain triglycerides 

As shown in Figure /, the lowest dose of AR25 tested 
induced a drastic inhibition (79.06 ± 0.85%) of gastric 
lipase. When 80 mg AR25/g tributyriu was added, we 
observed a total inhibition of gastric lipase activity. In 
contrast, under the same conditions, iidiibiuon of pancreatic 
lipase was slightly less marked and reached 78.76 ± 0.689b. 
From these data, we concluded that 60 mg AR25/g triglyc- 
eride could he used to evaluate the AR25 inhibitory effect 
on hydrolysis of long-chain fatty acid triglycerides by the 
two lipases. 

Inhibitory effect of AR25 on emulsified long-chain 
triglycerides 

The figures for hydrolysis of triolein by ihe two digestive 
lipases with Or without AR25 (60 mg/g triolein) arc given in 
Table /. Most gastric lipase activity was abolished by AR25 
(inhibition: 96.79 2: 0.39%). AR25 reduced pancrwitfc 
lipase activity to a lesser extent (inhibition: 66-50 ± 0.92%). 
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A Activity (IU/ml) 

160- 




40 60 80 
AR25® (mg/g tributyrin) 



B Activity (IU/ml) 

2000-1 



1500- 



1 1000 



500- 




60 80 
AR25® (mg/g tributyrin) 



Figure 1 Effect of increasing amounts of AR25» (mg/g trfburyrfn) on (A) gastric lipase and (S) pancreatic lipase activities. Tributyrin hydrofysfs fn 
gastric or duodenal operating conditions was measured using a pH-stat TTtrator (see text tor experimental details), vatufts are means ± SEM. 



Inhibitory effect of AR25 measured in physiologic 
conditions 

To mimic the in vivo conditions, triolein emulsion was 
successively incubated with an excess of gastric lipase in 
acidic medium and an excess of pancreatic lipase and 
colipase in duodenal conditions. As shown in Figure 2, we 
compared the fatty acid released in absence (control) or 
presence of AR25 (60 mg/g triolein). Compared with the 
control, the amount of fatty acids released was markedly 
and significantly lower (11.7 ± 5.2% of control) during 
gastric lipolysis. The inhibitory effect of AR25 on pancre- 
atic lipolysis appeared to be delayed compared with the 
result ob tamed in excess of substrate and was observed at 60 
minutes (I.e., 30 minutes after the pancreatic lipase and 
colipase additions). On the whole, lipolysis catalyzed by the 
action of both gastric and pancreatic lipases on triolein was 
significantly reduced by 37.1 ± 0.6%. 

Table 1 Effort of AR25* (GO mg/g triolein) on gastric and 
pancreatic lipases aeUvttles 

Lipase activities (Hp 



Gastric lipase 



Pancraatlc lipase 



Control 
AR2S 



11.37 = 0.27 
0.36 0.04' 



484.44 ± 9.07 
162.2V ±4.43* 



Upasa acitvttles arc expressed as ru (ixmot tree tatty acid relaased/mln) 
and were measured using excess triolein emulsion (median diameter 
2 (xrn) as described in Materials and methods. Values are means 
± SEM. 

•Significantly different from control (one-way analysis of variance and 
Fisher's test at P < 0.0001). 



Effect ofAR25 on triolein emulsification 

AR25 (60 mg/g triolein) dramatically altered lipid emulsi- 
ficaiion in gastric medium {Table 2). In duodenal medium, 
the presence of AR25 completely prevented lipid cmulsifi- 
carion. 

Discussion 

The aim of this study was to evaluate the possible inhibitory 
effect of the green tea extract AR25, containing 25% 
carechins, on digestive lipases in vitro. 

We first demonstrated an inhibitory effect of AR25 on 
digestive lipases employing widely-used tributyrin as a 
short-chain triglyceride substrate. 18 Results obtained from 
rhis experiment in the presence of excess Uibutyrin showed 
that AR25 inhibited gastric lipase and pancreatic lipase 
activities. The highest inhibitory effect for gastric and 
pancreatic lipases was induced by 40 mg and 80 mg, AR25 
per gram of fat. respectively. Tn further experiments we 
investigated m e inhibition of digestive lipases by AR25 
using another classical substrate, triolein, which is more 
representative of dietary long-chain triglycerides. Using 
triolein, gastric lipase was drastically inhibited whereas 
pancreatic lipase was inhibited to a lower extent. 

These two sets of experiments clearly showed that 
activities of both gastric and pancreatic lipases are markedly 
redueed in The presence of green tea extract AR25. AR25 is 
a green tea extract containing 25% catechins t mainly in the 
form of epigallocatcchin-3-gallate. This compound is iden- 
tified as a nonhydrolyzable polyphenol also called con- 
densed tannin. It has already been shown in vitro that some 
condensed tannins have an inhibitory action on certain 



4S J. Nutr. Blochom., 2000, vol. 1 1 , January 



22/08 2001 MER 16:57 FAX 



0013/022 




DfgBsttv^lpase Inhibition by AR2S®: Juhef et aL 



Control 



AR25® 



90 Time (min) 



Duodenal 
Lipolysis 



Figure 2 Fatly odd released (junoO in 
absence (control, W) or presence of AR2S» 
(60 rng/g tiiolwi, A). Triolein emulsion (me- 
dian diameter 2 >Lm) was Incubated for 30 
mlnmaa (n nrtrflc conditions with gastric 
lipase. At 30 -minutes, and up to 90 min- 
utes, gaslric medium was replaced by 
neutral medium providing pancreatic 
Ppase and cofioase and bile, in these con- 
ditions, gastric Ifpoiyste lasted 30 minutes 
and duodenal (ipoJysis tasted 60 minutes. 
Values are means z SEM. "Significant dif- 
ference from control at a given bme point 
(one-way analysis of variance and Fisher's 
lest at P < 0.001). 



Gastric 
juice 



Pancrcatin 



digestive enzymes such as proteases, a-amylase, and pan- 
creatic lipase, 13 Nevertheless, the inhibition of digestive 
enzymes, especially lipases, by green tea catechins is poorly 
documented compared with that of other vegetable con- 
densed tannins. 13 A recent report has described the inhibi- 
tion of salivary amylase, measured intrao rally, in the pres- 
ence of green tea. 2 ? More recently, Han et al. 23 failed to 
demonstrate any inhibitory effect of tea catechins on pan- 
creatic lipase activity whereas oolong tea extract induced 
pancreatic lipase inhibition. Nevertheless, the lack of a 
defined catcchins/lipasc ratio used in this experiment does 
not allow comparison with data from the present study. This 
does not rule out that other components of tea extract might 
be implicated in some inliibitory effect. 

In the two first sets of experiments, the inhibition of the 
two digestive lipases by AR25 was measured separately. In 
fact, in vivo, triglyceride hydrolysis is first initiated by an 
excess amount of gastric lipase under acidic conditions 1 * 3 
and is then completed by an excess amount of pancreatic 
lipase in neutral conditions. 1 Thus, to mimic normal in vivo 



conditions, Wc measured the inhibitory effect of AR25 on 
triolein lipolysis by incubating gastric lipase, from gastric 
juice, and then pancreatic lipase and eolipase, provided by 
pancrcatin. Compared with the data obtained for activity 
with excess amount of triglycerides, gastric lipolysis was 
still markedly inhibited whereas duodenal lipolysis was 
moderately inhibited 30 minutes after pancrcatin addition. 
Total reduction of fat digestion reached 37% under these in 
vitro mimicking physiologic conditions. 

It has been suggested that high molecular weight poly- 
phenols form insoluble complexes with proteins or other 
macromolecules. The process is established by the interac- 
tion of at least two hydroxy 1 groups of polyphenols with 
proteins. 1 3 Alteration on protein digestion by condensed 
tannins is supposed to be achieved in part following this 
process. 13 The fact that catechins, especially epigallocat- 
echin-3-gallalc, possess more than two hydroxy 1 groups 
does not implicate their participation in such interactions. 

Several studies have already demonstrated that dietary 
fibers inhibit gastric and pancreatic lipases in vitro and in 



Table 2 Effect pf AR25Q (60 mfl/g triolein) on lipid emulsrfication and droplet size of formed emulsions In gastric and duodenal media 

Emulsified lipids {%)* Emulsion droplet sfre (nm) T 

Gastric medium Duodenal mecwm Gastric medium Duodenal mediym 



9?"^ 36.61 = 4.24 64.93 ± 1.37 4.40 = 1.61 30-09 ± 0.61 

AR25 2-15 i 0.56 <i a - 

'The percentage of emulsified lipids was calculated using the measurement of radiolabeled triolein In the floating oily layer, composed of unomuteifled 
(Ipids (see text for expertrnenlaf details. 

Median diameters were calculated from droplet ate distribution by the partfefe size software. Valuas ar« means x $£M. 
"Significantly different from control (one-way analysis of variance and Fisher's test at P < 0.001). 



J. Nutr. Biochem., 2000, vol. 1 1 . January 49 



22/08 2001 MER 16:38 FAX 



©014/022 



Research Communications 

vivo. 24 Tn some cases (i.e., wheal gen*) inhibition of 
pancreatic lipase activity was related to the ability of wheat 
germ proteins to interact with the emulsified subs tratc. 23 In 
vitro experiments, mimicking the prevailing in vivo situa- 
tion, showed that soluble dietary fibers displaying sufficient 
viscosity in solution reduced activity of digestive lipases. 0,10 
The authors concluded that soluble viscous fibers alter lipid 
assimilation by reducing emuisification of dietary lipids in 
stomach and duodenum and subsequent li poly sis. To deter- 
mine one possible mechanism involved in lipase inhibition 
by AK25, lipid emulsiilcation was measured in vitro. Herein 
we observed that AR25 fully abolished lipid emuisification. 
Indeed, we do not know by which physicochemical mech- 
anism the green tea extract, or specifically catcchins, could 
exert such a marked effect on fat emuisification. This 
indicates that the overall inhibitory effect of AR25 could be 
the sum of a reduction of triglyceride emuisification and a 
direct effect on lipolysis reaction (—37% as measured 
herein). 

Results from this in vitro study clearly demonstrate the 
inhibitory cfTect of a green tea extract containing 25% 
caiechin on digestive lipases. Although experiments were 
made in vitro, this data prompts us to speculate that the 
inhibitory effect of AR25 could be observed in vivo. This 
hypothesis is supported by the reduced fat digestion 
(—37%) obtained under a protocol design carefully mim- 
icking the physiologic conditions of the digestive tract. The 
extent of inhibition could even be amplified if reduction of 
fat emuisification occurred in vivo. Moreover, the inhibitory 
effect of AR25 on lipolysis catalyzed by the two lipases was 
measured using 60 trig AR25/g triolein, which corresponds 
with a reasonable daily dose (1,500 mg) and the amount of 
dietary fat consumed by food restricted subjects (30-50 
gAiay). 

Considering that dietary fats, due to their high caloric 
value, play a role in the development of obesity, 26 reduction 
of fat digestion is considered as a novel approach in obesity 
treatment. 27 Recently, a gastrointestinal lipase inhibitor 
(Xenical®, containing the microbial derivative tetrahydro- 
lipstatin) (Produits Roche, Ncuilly sur Seine, Trance) was 
proposed to induce weight loss in obese subjects. In a 
placebo-controlled trial, it was demonstrated that Xenicat 
reduced dietary fat digestion by approximative^ 30% 
(apparent maximum percentage of ingested fat excreted in 
the feces due to tetrahydrolipstatin was 27%), thus reducing 
energy intake. 28 Xenical promotes weight loss and lesser 
weight regain and limits some obesity -related disease risk 
factor. 

Specific compounds from dietary origin are poorly used 
in obesity treatment. Il has been proposed that to prevent 
obesity, especially in childhood, the recommended fiber 
intake should be doubled. Dietary fibers are supposed to 
reduce caloric density and decrease lipid nbsorption rata, 
and arc known to have beneficial effects in several chronic 
metabolic diseases. 74 In addition, this study now clearly 
shows that a specific green tea extract, AR25, has fat 
digestion lowering properties. Given that the in vitro inhib- 
itory effect of AR25 on digestive lipases is confirmed in 
humans, this natural product rich in catcchins could be of 
interest to limit fat digestion and reduce body weight .in 
obese patients and to improve metabolic status. 
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